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The solar power is very promising because of its potential to fulfill the world energy demands with 
a little coverage of land areas and its environmental friendly characteristics. Among the many kinds of 
solar cells, the organic solar cells, which cheap in cost comparing to that of Si solar cells, have attracted our 
attention. However, the power conversion efficiency (PCE) of the organic solar cells needs to be improved 
before it can be commercialized. 
The so-called “ideal” structure is expected to improve the PCE because of higher donor/acceptor 
interface density in the active layer for easier charge separation and straight path for faster charge 
transportation. However, the thickness of the “ideal” structure is still limited by the low conductivity of 
hole/electron in organic materials. So the limited light absorption restrains the efficiency. Also, the pure 
phase of organic materials in the “ideal” structure which is vital for charge separation is still an impossible 
mission although many researchers have made considerable efforts on it. 
The hybrid structure, which facilitates transportation of electrons and formation of pure phases of 
donor and acceptor materials, is promising to achieve a more likely “ideal” structure. Yet, there are two 
major problems for hybrid solar cells. Firstly, the exciton separation efficiency is low at the 
organi/inorganic interface. Surface modification has confirmed to be a good method to solve this problem. 
But the surface status after the modification and the effects of unideal modification to hybrid solar cells 
has not been discussed. The other problem is that the unbalanced transportation of electrons and holes 
causes space charge limited current (SCLC) effects which become more noticeable with thicker active 
layers, thus limit the PCE of hybrid solar cells. 
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In order to solve the two major problem of hybrid solar cells stated above. I have done the 
following works: 
PCBA, which has carboxylic acid group for forming chemical bond to TiO2 surface and a C60 part 
for efficient exciton separation, was introduced as the surface modifier for TiO2/P3HT hybrid solar cells. 
The short circuit current of planar hybrid solar cells were largely improved with the PCBA modification. 
The adsorption characteristics were investigated by using MIR-IRAS and ab-initio simulation. 
The results indicated that the PCBA molecules were chemically adsorbed onto TiO2 surface. Physically 
adsorbed PCBA molecules reduced the efficiency of hybrid solar cells and could not be thoroughly removed 
from the TiO2 surface by rinse treatment. By ultrasonic treatment, most of physisorbed PCBA were 
removed. 
For the second problem of hybrid solar cells, we proposed a novel structure which integrates the 
hole transporting material (HTM) and electron transporting material (ETM) into the donor and acceptor 
domains, respectively (Fig. 1). In this structure, the excitons generate either in donor or acceptor materials 
only have to travel a very short distance (less  than exciton diffusion length) to get to the donor/acceptor 
interface for separation. So the high exciton separation efficiency is ensured. Up on separation, the holes 
can quickly travel through HTM to anode and electrons go through ETM to cathode. Thus the higher 
charge transporting efficiency is achievable. Because of the balanced and faster charge transportation, we 
can make the active layer thicker for adequate light absorption. 
In order to realize the proposed structure, we chose the TiO2 nanotubes as the template. On one 
hand, TiO2 nanotubes have highly ordered structure which provides a good template. On the other hand, 
TiO2 which has high electron conductivity can be used as an ETM. Then we use the PCBA molecules to 
modify the TiO2 nanotubes to form a thin acceptor layer (1 or 2 monolayers). P3HT thin-layer was then 
coated on the PCBA layer to form a tube-in-tube structure. PEDOT:PSS can be filled into the P3HT 
nanotubes with modified solution which has better wettability on P3HT.  
The polymer infiltration has been a big problem for fabricating hybrid solar cells. Our proposed 
structure requires the infiltration of P3HT into nano-pores, but also forming a uniform thin layer in the 
nanotubes. These requirements cannot be fulfilled by using traditional methods, such as dip-coating, 
spin-coating or melting polymer at high temperature. Therefore, we introduced a new and simple 
slow-drying method for uniform polymer coating. Through this method, we managed to control the 
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thickness of P3HT layer in the TiO2 nanotube. A drying temperature at 40°C which resulting a P3HT 
layer with a thickness of 10 nm is chosen to coat the P3HT layer and make hybrid solar cells. 
The produced nano-structured hybrid solar cell (Fig. 2) showed very low serial resistance (Rs) 
comparing to that of the solar cell without HTM. The lower RS give us possibility to make thicker hybrid 
solar cells for higher PCE. We also showed that the PCE of the hybrid solar cells can be improved in 
various ways, such as thinner tube walls, less physisorbed surface modifiers and so on. 
The realization of the proposed structure opens up various possibilities to achieve high PCE. For 
example, using dye and conjugated polymer which has complimentary absorption to replace PCBA and 
PEDOT:PSS to realize full-spectra absorption. Or the P3HT layer can be replaced by a layer which singlet 
fission mechanism for more than 100% internal quantum efficiency.  
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Fig. 1 The proposed highly ordered structure for hybrid solar cells using TiO2 nanotubes and polymer
Fig. 2 SEM images of the produced triple-tube-framed hybrid structure. The three layers of TiO2 nanotube, 
P3HT and PEDOT:PSS are clearly shown in these images.
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